177 16 Lu105-1 From ENSDF - Evaluated September 2005 177 16 LulOS'1

176yb(p,ny)  1991Le28

History
Type Author Citation Literature Cutoff Date
Full Evaluation M. S. Basunia NDS 107, 791 (2006) 15-Sep-2005

Target: 97.04% enriched '7©Yb. Reaction: '70Yb(p,ny), E=8 MeV. Measured E,, Iy, yy coin. Detectors: the High Energy
Resolution Array (HERA) of 21 Compton-suppressed germanium detectors. FWHM=2.32 keV at 838.5 keV.

1761 y Levels

This level scheme shows y-ray populations from an 838.5 level to both '7%Lu (4.00x10'0 y, J*=77) and '"Lu (3.664 h, J*=1"),
thus providing a path for production of these isomers by the s-process in stellar matter. The calculated rate of photoexcitation of
17611 (4.00x10'0 y) to the 838.5 level as a function of temperature suggests that above 3.0x108 K the Lu isomers are in thermal
equilibrium. The effective half-life of 7°Lu under such conditions is less than one year, consequently this isotope is not a reliable
s-process chronometer (1991Le28).

E(level)T yrk Comments
004  7°
12291  1°
184.14 71 8-
19449 1 1t
23314 1 oF
23580 1 3~
23692 1 0"
29934 1 3+
305321 2
338.8¢ 71 I+
37254 1 4
381.3¢ 7 2%
386.6/ 1 1-
388.99 1 9-
4249% 1 8*
4330/ 1 2
437301 5
450.1€ 1 3*
463.8° 1 4~
487691 5t
s04.9/ 1 3~
533.1€ 1 4%
56390 1 (6)
59179 1 6+
5957 1 4
63539 1 4%
637.78 1 1~
650.2€ 1 5%
657.1% 1 5t E(level): Adopted as a member of K"=4* band: configuration v7/2[514]+x1/2[541], not as a bandhead
of K™=5% band. See Adopted Levels for details.
6583/ 1 3~
687.88 1 2-
69571  (0to 4
7100 1 6~

Continued on next page (footnotes at end of table)
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176yb(p,ny)  1991Le28 (continued)

1761 u Levels (continued)

E(level)T yri T @ Comments
71545 1 5
72200 1 4
72475 1 77
7252l 1 ()
73405 1 (7Y
73447 1 3*
751701 4
758.44 1 7+
763.68 1 3~
765.7M 1 (6)
7721€ 1 (6)*
7882k 1 4=
79231 Q)
796.5% 11—
8324% 1 2~
834.8" 1 (5"
83851 5 <6.9ns Tj;: From 7 < 10 ns, determined from timing information signals between detectors.
84341 13-
8482/ 1 6
860.58 1 4~
866.17 1 2+
8679/ 1 5°
870.0° 1 (5)°
8714V 1 (4"
883.5% 1 3~
903.71  (4to8)*
90834 | (4)"
92151 (5
93087 1 3t
938.4€ 1 ()t
945.00 1 4~
9577% 1 4=
9579t 1 3
959271  GBto )
96021  (3)°
97381 (5
985.5Y 1 4*
988.18 1 5~
990.0 3% J7: 124.0y to 2% state, 617.9y to 4% state.
1015.12 1 4*
1019.7 1 (4%)
1029.5¢ 1 (2)”
10425% 1 5-
104621 (410 8)*
1067.41 1 4
11004¢ 1 (3)"
110461 4%
112021  (3to 6)*
114231  (0to 4

Continued on next page (footnotes at end of table)
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176yb(p,ny)  1991Le28 (continued)

1761 u Levels (continued)

E(level)T yri E(level) yE E(level)T yE

1163971 (1to5%* | 124101 (4t 8 | 130141 (1to 5"
122781 (1to5* | 127451 Qw6 | 137071 (2t 6)*
123741 Qu6f | 127771 (@48 | 142601 (2t0 6)

 From a least squares fit to the y-ray energies assuming AE=1 keV for all y-ray energies.
¥ From Adopted Levels, except otherwise noted.

# Assigned in 1991Le28 based on their y-ray decay pattern, assuming M1, E1, or E2 multipolarities. All levels have T 1257 ns.
@ From 1991Le28.

& Band(A): K™=0". Configuration=((7r 9/2(514))-(v 9/2(924))).

¢ Band(B): K™=7" g.s. rotational band. Configuration=((rr 7/2(404))+(v 7/2(514))).
b Band(C): K"=0". Configuration=((rr 7/2(404))-(v 7/2(514))).

¢ Band(D): K™=1*. Configuration=((r 7/2(404))-(v 9/2(624))).

4 Band(E): K™=1*. Configuration=((7r 9/2(514))-(v 7/2(514))).

¢ Band(F): K"=2"7. Configuration=((rr 7/2(404))-(v 3/2(512))).

f Band(G): K™=1". Configuration=((7r 5/2(402))-(v 7/2(514))).

§ Band(H): K™=1". Configuration=((r 7/2(404))-(v 5/2(512))).

" Band(I): K™=4". Configuration=((rr 1/2(411))+(v 7/2(514))).

i Band(J): K™=3". Configuration=((rr 1/2(411))-(v 7/2(514))).

J Band(K): K™=3". Configuration=((7r 7/2(404))-(v 1/2(510))).

k Band(L): K™=4". Configuration=((7r 7/2(404))+(v 1/2(510))).

I Band(M): K™=6". Configuration=((rr 5/2(402))+(v 7/2(514))).

" Band(N): K™=6". Configuration=((rr 7/2(404))+(v 5/2(512))).

" Band(O): K™=5". Configuration=((r 7/2(404))+(v 3/2(512))).

¢ Band(P): K*=5". y-vibrational band.

P Band(Q): K"=2". Configuration=((r 5/2(402))-(v 9/2(624))).

9 Band(R): K™=4*. Configuration=((7r 1/2(541))+(v 7/2(514))).

" Band(S): K"=3*. Configuration=((r 1/2(541))-(v 7/2(514))).

§ Band(T): K™=5". Configuration=((z 9/2(514))+(v 1/2(510))).

" Band(U): K™=3". Configuration=((rr 7/2(404))-(v 1/2(521))).

“ Band(V): K*=4". Configuration=((r 7/2(404))+(v 1/2(521))).

¥ Band(W): K™=4". Configuration=((r 9/2(514))-(v 1/2(510))).

" Band(X): K*=8". Configuration=((7r 7/2(404))+(v 9/2(624))).

¥ Band(Y): K™=7*. Configuration=((r 5/2(402))+(v 9/2(624))).

Y Band(Z): K*=4*. Configuration=((r 1/2(411))-(v 9/2(624))).

y(7°Lu)
E,/  Eilevel) I7 E; V0| ET Edeve) ¥ E 7
219 657.1  5* 6353 4* | 69.5 3053 27 2358 3°
387 2331 2F 1944 17 | 715 1944 1T 1229 1°
433 6353 4 5917 67 | 717 5049 37 433.0 2°
464 4330 27 386.6 17 | 73.1 3725 4+ 2993 3*
645 4373 57 3725 4* | 757 7636 37 6878 27
646 7229 47 6583 37 | 77.3 4638 47 3866 1°
648 9037 (4108 8385 5 | 773 7344 3 6571 5*
662 2993  3* 233.1 2* | 77.6 4501 3 3725 4

Continued on next page (footnotes at end of table)
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176yb(p,ny)  1991Le28 (continued)

7(176Lu) (continued)

E,¥  Eilevel) 7 B, | BT Edeven N7 Ef N
81.3¢ 3866  1° 3053 27 | 1922 3866  1° 1944 1+
8.9 3813  2F 299.3 3% | 1946 6583  3° 463.8 4-
9.9 5957 47 5049 37 | 1972 4330 27 235.8 3
91.1 9592  (3to7) 8679 57 | 2000  433.0 2 233.1 2%
9.6 8434 37 7517 4= | *201.0%

933 7517 4° 6583 3~ | 2015 4373 5 235.8 3
993 7344 3* 6353 4° | 2017 7657 (6 5639 (6)
104.1 5917 6 487.6 5+ | 203.5&% 8385 5 635.3 4*
1049 2993 3% 1944 1% | 2047 3889 9 184.1 8
1057 3388  1* 23301 2F | 2047 6377 1° 433.0 2
1095  1067.4 47 957.9 37 | 2055 5049  3- 299.3 3*
1128 11423 (Oto4) 10295 7 | 2077 10462  (4t08) 8385 5
1129 2358 37 1229 1° | 2083 9602 (3" 7517 4°
1140 2369 0 1229 1 | 2144 8714 @' 6571 5
115.1 4876 5 3725 4+ | 216° 3388 1t 1229 1°
15.6* 8385 57 7229 4~ | 2170 4501 3% 233.1 2+
116.1 8679 5 7517 47 | 2180 7229  4° 504.9 3
1188 11046  4° 985.5 4* | 2192 5917 6" 372.5 4
1197 7154 57 5957 47 | 2221 9450 4~ 7229 4
1203 8434 3° 7229 4- | 2253 6583  3° 433.0 2°
1240 9900 (3% 866.1 2* | 2279 4638  4° 235.8 3
1276 988.1 5 860.5 4~ | 2337 5331 4% 299.3 3
1209 7882 47 6583 3 | 2361 8714 (4" 6353 4*
1328 8482 6 7154 57 | 2387 4330 27 1944 1+
1333 9215 (5" 7882 4~ | 2394 9738 (5" 7344 3*
1337 4330 27 2993 3" | 2408 4249 8" 184.1 8
1372 8714 (H* 7344 3t | 2462 7100 6 463.8 4-
1394 3725 4* 23301 2° | 2470 7517 47 504.9 3°
1444 3388  1* 1944 17 | 2477 8434  3° 595.7 4
1444 11046  4° 960.2 (3)" | 2512 6377  1° 386.6 1°
1474 6353 4% 487.6 5* | 2514 9855 4% 734.4 3+
1482 3813 2* 23301 2° | 2539 6353 4% 381.3 2
1507 4501 3% 299.3 3* | 2548 6878 27 433.0 2°
1508 3866  1° 2358 37 | 2588 7636  3° 504.9 3
1533 3866  1° 233.1 2+ | 2625 6353 4% 372.5 4*
1533 6583 37 5049 37 | 2627 6957  (Otod) 433.0 2°
1564 9083  (4) 7517 47 | 2637 3866  1° 1229 1°
1585 4638 47 3053 27 | 2644 9215 (5 6571 5
1585 5957  4° 4373 5 | 2700 9579 3" 687.8 2
1606 5331 4% 3725 4% | 2707 7584 Tt 487.6 5*
1612 7252 (1) 563.9 (6)” | 2709 8348 (5 5639 (6)
1679 7636  3° 5957 47 | 2717 5049  3° 233.1 2
169.1 957.9  3° 7882 4~ | 2717 6583  3° 386.6 1
169.7  657.1  5* 487.6 5* | 2728 7100 6 4373 5
1719 9602 (3) 7882 47 | 27469 8385 5 563.9 (6)”
1812¢ 8385 57 657.1 5* | 2777 6502  5* 372.5 4*
1813 10197 (4% 838.5 57 | 2844 6571  5* 372.5 4
1824 3053 27 1229 1° | 2844 7721 (' 4876 5
1829 6878 27 5049 37 | 285.6° 10197  (4%) 7344 3*
184.1 1841 8" 0.0 77 | 2874 7247 T 4373 5
1849 6353 4* 450.1 3* | 2924 12374  (2t06) 9450 4°
1850 8434  3° 6583 37 | 2994 9579  3- 658.3 3
1853 9083  (4) 7229 4° | 3017 9602 (3 6583 3"
1869 3813  2F 1944 17 | 303.8 10674 4 763.6 3
1883 4876  5* 2993 3* | 3061 8700 (5 5639 (6)

Continued on next page (footnotes at end of table)
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17716 Lu,os-5 From ENSDF 17716 Luos-5
176Yb(p,ny)  1991Le28 (continued)
7(176Lu) (continued)
E,T  Eilleve) I E; 7| BT Bleven w7 B, I
309.1 7340  (7f) 4249 8" | 4935 12278  (lto5) 7344 3*
3100 4330 27 1229 17 | 5204 9577 4~ 4373 5
3155 9738 (5)* 6583 37 | 5272 9602 (37 4330 2°
3163 9738 (5 657.1 5° | 5273 866.1  2* 338.8 17
3207 11639 (lto5) 8434 3 | 5275 10151 4% 487.6 5*
327.1¢ 9855 4% 6583 37 | 549.0 9308  3* 381.3 27
3284 9855 4% 657.1 5* | 5582 9308  3* 3725 4
3305  763.6  3° 433.0 27 | 562.6° 10674  4° 5049 3°
3357 6353 4% 2993 3" | 5639 5639  (6) 0.0 7
3385 9738 (5 6353 4° | 5652 10151  4* 450.1 3+
3466 9384 (D 5917 6° | 5668  866.1  2* 2993 3
3506 9855 4% 6353 4* | 5670 13014 (105 7344 37
3557 860.5  4° 5049 37 | 5782 8835 37 3053 2
3575 9215 (5) 5639 (6)” | 5784 10425  5° 463.8 4-
359.0 6583 3° 2993 3" | 5786 9602  (3) 381.3 27
359.9 5957 4° 2358 3 | 587.1 11202 (3to6) 5331 47
3626 10197  (4*) 6571 5t | 5965  1029.5 (27 433.0 27
368.6 8324 27 4638 4~ | 596.6 8324  2° 235.8 3
3798 5639 (6) 1841 8 | 5979 7923 (2 1944 1%
3819 5049  3° 1229 1= | 61796 9900  (3%) 3725 4*
3918 10295 (2) 6377 17 | 6248 8605  4° 235.8 3
3925 9881 5 5957 4= | 6314¢ 9308  3* 299.3 3
3977 9308 3% 533.1 4% | 6332 866.1  2* 233.1 2%
4025 12410 (4to8) 8385 57 | 6428 10295 (2 386.6 1
4107 8434  3° 433.0 27 | 6429¢ 10151  4* 3725 4*
4108 8482 6 4373 57 | 6608 9602  (3) 2993 3
4195 8835  3° 4638 4~ | 667.4 11004  (3)  433.0 2°
4227 6583 37 2358 37 | 671.1  866.1  2F 1944 1%
4231 8605 4 4373 57 | 690.0° 9900  (3*)  299.3 3*
4249 4249 8" 00 77 | 6907  1029.5  (2) 338.8 17
4253 6583 3 233.1 2F | 697.6 9308  3* 233.1 2°
4259 9308 3 5049 37 | 7095 8324 27 1229 1-
4331 8661  2° 433.0 20 | 7220 9577 4 235.8 3
4392 12777 (4t08) 8385 57 | 7224 9579 37 235.8 3
4403 14260 (20 6) 9855 47 | 7242 10295  (2) 3053 2
4520  687.8 27 2358 37 | 7271 9602  (3) 233.1 2°
453¢ 9579 3" 5049 37 | 7277 11004 (3) 3725 4
4702 11202 (to6) 6502 5% | 7355 13707 (210 6) 6353 4
4793 866.1  2* 386.6 1° | 7364 9308 3 194.4 1+
4807 9308 3 450.1 3* | 83850 8385 57 0.0 7°
4850  866.1  2* 3813 2F | 9020 12745 (2t 6) 3725 4%
4915 7965 1° 3053 2°

T Uncertainties are about 0.5 keV, private communication from 1991Le28.
¥1991Le28 placed this y ray between the 687.8 (27) and the 487.6 (5*) levels. This placement would require an E3 multipolarity

for this transition.

# Iy=3.1 5.
@1y=49 4.
&1y=79 5.
a Iy=13.9 8.
b y=70 3.

Continued on next page (footnotes at end of table)
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176yh(p,ny)  1991Le28 (continued)

¢ Placement of transition in the level scheme is uncertain.
* y ray not placed in level scheme.

( 17(’Lu) (continued)
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Legend
176Yb(p,ny)  1991Le28

Level Scheme

,,,,,, » 7Y Decay (Uncertain)

N
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i
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1991Le28

From ENSDF

176Yb(p,ny)

Level Scheme (continued)
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T6Lu, 59 From ENSDF 71105

170Yb(p,ny)  1991Le28 Legend

Level Scheme (continued)

,,,,,, » ¥ Decay (Uncertain)
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Legend
176yb(p,ny)  1991Le28

Level Scheme (continued)

,,,,,, » 7Y Decay (Uncertain)
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176Yb(p,ny)  1991Le28

Level Scheme (continued)
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T6Lu 12 From ENSDF 7105712
176Yb(p,ny)  1991Le28
Level Scheme (continued)
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176yb(p,ny)  1991Le28

Level Scheme (continued)
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T6Lu, 14 From ENSDF 7105714
176Yb(p,ny)  1991Le28
Level Scheme (continued)
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176yb(p,ny)  1991Le28

Level Scheme (continued)

Legend

» 7y Decay (Uncertain)
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7- 0.0
176
71 L5
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176 176
71’Lu105-16 From ENSDF 71 Lu105-16

75Yb(p,ny)  1991Le28

Band(A): K*=0—

5 1042.5

4~ 957.7

3~ 883.5

2- 832.4

1 796.5
- 7 Band(B): K™=7" g.s.
rotational band

9 388.9
205
8y 1841
184
7 v 0.0
177 16 Luyos

16



176 176
1 Lu105-17 From ENSDF 71 Lu105-17

7Yb(p,ny)  1991Le28 (continued)

Band(F): K™=2"

3" 1100.4
2)” 1029.5
B il

Band(H): K™=1"

5- 988.1
Band(D): K*=1"
(U 938.4
Band(G): K"=1"
860.5
6 848.2
Band(E): K*=1"
Band(C): K™=0~ 758.4
7 724.7
6 710.0
271
287 591.7
246
273
104
487.6
219
4- 463.8
5- 437.3
M 115
188
158 372.5
228
202 73
2- 305.3 l
3 ‘ Lso_ 2993
70 66
0 236.9
3 3538 1 233.1
\
39
¥ 194.4
176
71 LU o5
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JPLu,5-18 From ENSDF

176
71 LU o518

76Yh(p,ny)  1991Le28 (continued)

Band(J): K*=3~

945.0

4

Band(L): K™=4—

ON 921.5

Band(K): K"=3"

5" 867.9

Band(I): K"=4"

5" 838.5

176
71

Lu, s

Band(M): K"=6"

(7)~ 725.2

6)~

Band(N): K"=6"

765.7

18



10519 From ENSDF 7L s719

76Yh(p,ny)  1991Le28 (continued)

Band(Q): K*=2"

4" 1015.1

3" 930.8

Band(P): K"=5"

(5)~ 870.0
21 866.1

Band(0): K*=5"
5)” 834.8

Band(S): K"=3"

3+ 734.4

Band(T): K*=5"

5+

657.1
Band(R): K"=4"

4t 635.3

176
71 LU o5

19



105-20 From ENSDF 7L 45720

76Yh(p,ny)  1991Le28 (continued)

Band(U): K*=3~

4~ 1067.4
110
Band(Z): K*=4"
4" 985.5
3- v 957.9

Band(V): K"=4—

[On 908.3
Band(W): K*=4"

@+ 871.4

Band(Y): K*=7+

(7%) 734.0

Band(X): K*=8*

8" 424.9

176
71 LU o5

20
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